T raumatic spinal column injuries represent only a minority of all fractures, with a reported incidence of 4.6% to 23.2% in different epidemiological studies. [1] [2] [3] However, their influence on individuals' social, functional, and financial situation is more significant than other injuries, as they may contribute to disability with long-term consequences and associated health-related costs. 4, 5 As more individuals survive serious trauma, the measurement of the effectiveness of interventions on their outcome with a reliable instrument that is sensitive to changes inherent in various treatment alternatives is becoming increasingly important. 1, 6, 7 However, in the absence of a validated disease-specific outcome instrument, a wide range of tools have been extensively used, including generic outcome measures and instruments designed for the assessment of spine patient populations that bear little resemblance to the spine trauma population (eg, chronic degenerative back pain and poly-trauma patients). 8, 9 Therefore, there is a real need for a disease-specific outcome instrument to measure the effect size of various treatment options in a variety of traumatic spinal column injuries.
The AOSpine Knowledge Forum Trauma decided to address this void by initiating a project to develop and validate disease-specific outcome instruments for spine trauma patients, which include both the patients' and health professionals' perspective. 10 In the developmental phase and initial validation of the patient-reported part of this outcome instrument, completely paralyzed and poly-trauma patients were not included in order to focus on a welldefined patient population with spinal column trauma as the primary diagnosis. We chose to use the systematic approach of the International Classification of Functioning, Disability, and Health (ICF) of the World Health Organization (WHO) [11] [12] [13] as the basis for the development of this patient-reported outcome. 14 With its 1454 categories, the ICF is a comprehensive and universally accepted framework to describe and classify individuals' functioning, disability, and health. The classification is organized into the components body functions (b), body structures (s), activities and participation (d), and environmental factors (e). Personal factors such as age, gender, or habits are not yet categorized in the ICF. As a classification system, the ICF provides alphanumeric codes for each of the ICF categories or functioning domains, arranged in a hierarchical fashion in different levels ( Figure 1) .
The preparatory phase of this project focuses on identifying the most relevant ICF categories for spine trauma patients from 3 different perspectives. Beside the patient and expert perspective, 15, 16 it is crucial to include the research perspective by identifying the outcome measures most frequently used in spine trauma research and the concepts covered by these measures. Therefore, the main objective of this systematic review was to evaluate the outcome measures used in spine trauma research. Specifically, we sought (1) to identify patient-reported and clinician-based outcome measures most frequently used to evaluate the function and health of spine trauma patients, (2) to identify and quantify the concepts of these measures using the ICF as reference, and (3) to describe their clinimetric properties.
MATERIALS AND METHODS

Study Design
This study was performed in 4 steps. 17 First, a systematic literature search was conducted in several databases. Second, outcome measures were extracted from the included studies. Third, the items and underlying concepts of outcome measures cited in at least 5 articles were specified and linked to the ICF categories. Finally, as far as available in
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(not yet classified) Figure 1 . The bio-psycho-social structure of the International Classification of Functioning, Disability, and Health (ICF), along with an example of the hierarchical fashion in different levels.
literature, the clinimetric properties of the obtained measures were analyzed.
Search Strategy and Inclusion Criteria
An electronic search was conducted in MEDLINE, EMBASE, Web of Science, and Cochrane Central for literature published between January 2000 and June 2013, limited to human studies. The areas of search along with the associated search terms are listed in Table 1 . The exact search strategies varied across databases and can be retrieved from the corresponding author. References were managed with Reference Manager Version 11. The retrieved references were screened and assessed for eligibility by 2 reviewers (M.L. and W.J.) independently, according to the selection criteria described in Table 2 . Fulltext articles were obtained if eligibility could not be determined from the title and abstract. If no full-text article was available, the corresponding author was contacted. Any disagreement on the inclusion or exclusion of a full-text article was resolved by discussion. If no consensus could be reached between the 2 reviewers, a third reviewer (F.C.O.) was consulted.
Data Extraction
Information concerning the included studies, patients, treatments, and outcome measures was gathered using a pre-developed electronic form. Data extraction was performed by 1 reviewer (M.L.) and checked by a second reviewer (W.J.); data extraction of Chinese papers was performed by a Chinese reviewer from another author's (M.F.) institution. Disagreements were again resolved by consensus.
Linking to the ICF
In the next step, the patient-reported and clinician-based outcome measures cited in at least 5 articles were further analyzed. Questionnaires as well as single items on functioning and health were included. Outcome measures already linked for other core set projects were obtained from the ICF Research Branch. 18 In addition, if necessary, 
Inclusion Criteria
Full-text article published in a peer-reviewed journal (1) describing a primary study (randomized clinical trial, controlled clinical trial, observational study, qualitative study, or multiple case reports/series) (2) included at least 10 patients aged 18 years or over (3) suffering from acute traumatic injury to the spinal column as main diagnosis, and (4) used at least 1 patient-reported or clinician-based outcome measure focusing on functioning, disability, or health as defined by the ICF Exclusion Criteria
(1) Studies with more than 50% of the spinal trauma patients suffering from: complete paralysis (ASIA impairment grade A or B) postoperatively, poly-trauma (ISS >15), traumatic spinal cord injury without vertebral fractures, or nontraumatic injuries such as pathological or osteoporotic fractures (2) Studies unclear about the target population or studies with exclusively clinical, laboratory, or radiographic measures were excluded as well.
ASIA indicates American Spinal Injury Association; ISS, Injury Severity Score.
LITERATURE REVIEW
The content of the measures was translated to the universal classification framework of the ICF, according to established and updated linking rules. 19, 20 Within each item and response option of the included outcome measures, meaningful concepts were identified and linked to the most precise ICF category. The so-called ''other specified'' and ''unspecified'' ICF categories were not used, but a lower level category was assigned instead. Meaningful concepts that could not be linked to the ICF were classified as follows: ''not definable'' (nd) if the information provided by the concept was not sufficient to make a decision about the most precise ICF category, ''health condition'' (hc) if the concept referred to a diagnosis or health condition, ''personal factor'' (pf) if the concept was clearly a personal factor, and ''not covered'' (nc) if the aforementioned criteria did not apply and the concept was not contained in the ICF.
Linking was performed independently by 2 researchers trained in the principles of the ICF and linking rules (M.L. and S.S.). Any inconsistencies in the linked categories were resolved by discussion; otherwise, a third reviewer (F.C.O. or M.P.) was consulted to reach consensus.
Data Analysis
Characteristics of the included articles were analyzed using descriptive statistics. Absolute frequencies of the included outcome measures and linked ICF categories were calculated, along with their frequencies relative to the total number of articles. ICF categories assigned repeatedly within a single outcome measure were counted only once to avoid bias. In line with similar studies published in the literature, concepts linked to third-or fourth-level ICF categories were aggregated to the second level.
Clinimetric Properties
Clinimetric properties of the included outcome measures were defined as validity properties (content, criterion and construct validity, and internal consistency), reproducibility, and usability (responsiveness, floor and ceiling effects, and interpretability). 21 These were identified in an additional structured literature search in multiple databases (Medline and Web of Science), reference lists, and citation tracking of included articles. Also, primary publications and available websites were searched for any included measures. The predefined search and selection criteria can be retrieved from the corresponding author. The clinimetric properties of the included measures were evaluated with the ''quality criteria for measurement properties of health status questionnaires'' by Terwee et al.
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RESULTS
Literature Search and Study Characteristics
The results of the search and selection process are outlined in Figure 2 . The search strategy identified 5117 unique references, of which 245 (4.8%) met the eligibility criteria, including 27 non-English articles. As summarized in Table 3 , most of these articles were published by authors from Europe (50.6%) and Asia Pacific (31.8%). Over 80% of the studies had an observational design, whereas the total number of retrospective and prospective studies was comparable. Furthermore, the majority of the studies focused on thoracic and lumbar fractures (78.0%) and outcomes after surgical treatment (71.4%).
Overview of Measures
In total, 17 different outcome measures were cited in at least 5 articles to assess functioning and health outcomes after spine trauma and retrieved for content analysis. These 17 measures are listed in Table 4 , along with a brief description and the overall absolute and relative frequencies. Results are also stratified by fracture level and treatment type. A variety of disease-specific questionnaires were identified, including 5 questionnaires developed for the thoracic and lumbar spine (Oswestry Disability Index [ODI], 22 28 ). Six dimension-specific outcomes were included: the Denis Pain Scale (DPS), 29 Denis Work Scale (DWS), 29 and various single item Records screened and assessed for eligibility by two reviewers n = 5117
Records discussed in consensus meeƟng n = 161
Full text arƟcles included by both reviewers n = 195
Records excluded by both reviewers n = 4723
Full text unretrievable n = 38
Records excluded n = 84
Full text unretrievable n = 27
Full text arƟcles included in analysis n = 245
Records published <2000 n = 1162
Records aŌer removal of duplicates n = 6279
Full text arƟcles included aŌer consensus n = 50 scales to assess pain (Pain), satisfaction (Satisfaction), ability to participate in recreational activities (Recreation), and return to work (RTW). In addition, 3 clinician-based outcome measures were identified: 2 neurological classifications represented by the Frankel Scale (FS) 30 and ASIA Impairment Scale (AIS) 31 and the back disability specific Hannover Spine Score (HSS). 32 Finally, only 1 generic questionnaire (SF-36) 33 was identified. Overall, pain was the most frequently used outcome parameter (34.5%), followed by the neurological classifications FS (28.7%) and AIS (24.1%), and a disease-specific questionnaire. Of the disease-specific outcome questionnaires, the NDI and ODI were most frequently applied to assess outcomes of cervical, and thoracic and lumbar spine trauma, respectively.
ICF Categories
Meaningful concepts of the items and response options of the retrieved outcome measures were linked to a total of 105 different ICF categories, aggregated to 57 first-or secondlevel categories. The frequency of these categories relative to the total number of articles is illustrated in Table 5 . Note that the content of the single-item ''Satisfaction Scale'' was not covered by the ICF and coded as ''nc.'' The 57 categories were linked to the components activities and participation (n ¼ 31), body functions (n ¼ 17), environmental factors (n ¼ 8), and body structures (n ¼ 1). With 11 categories, the chapter mobility (d4) contained the most linked ICF categories.
The linking results of each outcome measure are included as Appendix 1, http://links.lww.com/BRS/B42. The CSOQ contained the highest number of unique second-level ICF categories (n ¼ 25), whereas the DWS and DPS only assessed the categories remunerative employment (d850) and sensation of pain (b280), respectively. These categories were also most frequently measured in the overall analysis, with sensation of pain (b280) being measured by 11 outcome measures, and remunerative employment (d850) by 9 measures. On the contrary, 26 (45.6%) ICF categories were only covered by a single outcome measure, most of them related to the component activities and participation (n ¼ 14), followed by body functions (n ¼ 9), and environmental factors (n ¼ 3). None of the ICF categories were contained in all outcomes measures; neither was one specific ICF component represented by all outcome measures.
Clinimetric Properties
The quality of the evidence on the measurement properties for the included outcome measures are given in Appendix 2, http://links.lww.com/BRS/B42. Overall, there is only limited evidence on the measurement properties, except for some disease-specific questionnaires, such as ODI, RMDQ, NDI, and CSOQ. All measures had a near absence of evidence for content validity, criterion validity, floor and ceiling effects, reliability, and interpretability.
DISCUSSION
To the best of our knowledge, this is the first systematic literature review investigating the most frequently used outcome measures to evaluate the function and health status of spine trauma patients without complete spinal cord injury, including a description of clinimetric properties, as well as a quantification and comparison the contents using the ICF as reference. In total, 17 different frequently used outcome measures were identified from 245 articles, and linked to 57 unique first-or second-level ICF categories.
On the basis of the identification of 21 different outcome instruments, the review by Stadhouder et al 9 concluded that there remains disagreement regarding the preferred outcome measurement tools for spine trauma patients. In line with the results of the current systematic review, they showed a wide range of outcome instruments used, including generic instruments such as the SF-36, and disease-specific instruments such as the ODI, RMDQ, and LBOS. Interestingly, there are some differences in the identified measures. The major differences are the mental/psychological measures identified by Stadhouder et al, 9 i.e. Hamilton Depression Rating Scale (HDRS), 34 Beck Depression Inventory(BDI), 35 and Hospital Anxiety and Depression Scale (HADS), 36 as well as 2 spinal cord injury measures, i.e. the Spinal Cord Independence Measure (SCIM) 37 and Walking Index for Spinal Cord Injury (WISCI). 38 These differences may be explained by the use of different selection criteria, as Stadhouder et al 9 also reviewed studies that included severe spinal cord injury patients and poly-trauma patients with spinal injury. On the other hand, they did not describe the use of the neurological classifications AIS and FS. 
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The ICF was used as a reference, as it has proven to be a common language of functioning and disability, as well as a useful tool for examination and comparison of outcome measures. This is emphasized by the development of ICFbased instruments such as the WHODAS-II, 39 IMPACT-S, 40 and ASAS Health Index. 41 Moreover, ICF Core Sets 42 have been defined for several neurological and musculoskeletal diseases, 43 -46 including not only individuals with severe spinal cord injury in the early post-acute context 47 and long-term context, 48 but also the examination and comparison of outcome measures in various patient populations, e.g. traumatic brain injury, 49 Crohn's disease, 50 inflammatory bowel-disease, 51 lower limb amputation, 52 stroke, 53 stroke rehabilitation, 54 and vocational rehabilitation. 55 The measures identified in the current systematic review focus on different and broad aspects of functioning and health, as most of the identified ICF categories are related to almost all chapters of the components body functions (b) and activities and participation (d). The strongest emphases are put on pain and neurological status. The component body structures were only represented by the category spinal cord and related structures (s120). However, because of the extensive use of the neurological classification systems AIS and FS, this category showed a very high relative frequency. These findings indicate that pain and neurological status are the most frequently used measures in the literature to assess functional outcomes after spine trauma. This is reflected by many studies from all over the world reporting neurological status as a strong determinant of outcome in spine trauma, [56] [57] [58] [59] [60] and the experienced pain as an outcome measure. [56] [57] [58] [59] 61, 62 Furthermore, most measures contained concepts linked to ICF categories related to the chapter mobility (d4). This is an important finding for the development of a disease-specific outcome instrument for spine trauma, as optimization of mobility has been described as an important tool for improving the quality of life after spine trauma. 63 The evidence on the clinimetric properties of the included outcome measures is very limited, and only available for 4 disability specific measures, i.e. 2 back specific (ODI, RMDQ) and 2 neck specific (CSOQ, NDI). Although a wide array of ICF categories are covered by these measures, further consensus efforts are needed to establish the required set of ICF categories for spine trauma patients.
We do recognize that this study has several limitations. First, studies with less than 50% of spinal trauma patients with complete paralysis or poly-trauma were also included. This may have biased our finding of the extensive use of neurological classifications. Second, we did not perform the ICF linking for the combination of measures used in each study. Third, our study was limited to patient-reported outcome measures. These measures should be used with objective measurements such as medications, work status, schooling, or volunteer work. When objective physical measures are predictive of subjective outcomes, interventions can be better targeted to improve patient outcomes. Finally, the selection of most frequently used outcome measures was based on the arbitrary cut-off point of citation in at least 5 articles.
In conclusion, the current systematic literature review revealed great diversity in the use and content of outcome measures to evaluate the function and health of spine trauma patients, with 17 different outcome measures linked to 57 unique ICF categories. These results support the hypothesis that there is no consensus on outcome assessment in spine trauma research, and that there is no outcome instrument designed or validated for this specific patient population. Together with the findings of the other preparatory studies, this study creates an evidence base for a consensus meeting during which a core set of ICF categories for outcome measurement in spine trauma will be decided.
Key Points
A systematic review was performed to identify outcome measures used in spine trauma studies. Seventeen different frequently used outcome measures were identified from 245 articles. These measures could be linked to 57 unique firstor second-level ICF categories. The identified ICF categories will be the starting point for developing a set of core ICF categories for outcome measurement in spine trauma. and the ICF Research Branch for sharing the linking results of other core set projects.
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